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Abstract: The water footprint (WF) is a widely recognised and comprehensive indicator of both the 
direct and indirect appropriation of freshwater. It has been utilised for diverse functions, including 
as a key indicator of the planetary boundaries and United Nations Sustainable Development Goals. 
Focusing on the nation with the greatest WF, i.e., China, this study reviews journal articles both in 
English and Chinese published from January 2003 to June 2020. Using CiteSpace and bibliometric 
analysis of papers, journals, and keywords, we explore state-of-the-art WF accounting, driving forces, 
and effects. Visible differences in WF accounting keywords and spatial scales between English and 
Chinese literature are identified. Reported WF values for the same product varied across studies, 
and there was a lack of information regarding uncertainties. Key driving factors have been largely 
investigated for agricultural WFs but not for other sectors. The WF impact analyses primarily assess 
the environmental effects, ignoring the associated social and economic impacts. The development 
of WF studies has improved our understanding of water issues in China. However, there are still 
existing knowledge gaps to be filled to find solutions to WF-related issues. 


Keywords: water footprint; China; water footprint accounting; driving forces; impact analysis 


1. Introduction 


The water footprint (WF) measures the consumptive and degradative freshwater appropriations 
of human activities, which can be attributed to production, consumption, and trade [1]. As a 
comprehensive water consumption indicator, WF has played increasingly diverse roles in the fields 
of hydrology, environmental science, and sustainability. Green (rainwater consumption) and blue 
(surface and groundwater consumption) WF accounting enable the identification and mapping of 
green and blue water scarcity in time and space [2-6]. The grey WF (the water required for water 
pollutant dilution) assessment has inspired the creation of new water scarcity indicators, such as the 
blue water scarcity index as the ratio of sectoral water withdrawals of acceptable water quality to the 
overall water availability proposed by Van Vliet et al. [7]. The environmental impact analysis of water 
consumption has been improved by incorporating WF indicators in multiregional input-output (IO) 
modelling [8,9] and life cycle assessments (LCAs) [10]. As a part of the “footprint family” [11], the WF 
has become one of the key indicators for planetary boundaries [12] and for measuring the United 
Nations Sustainable Development Goals (SDGs) at various scales [13,14]. Therefore, it is not surprising 
that the cumulative number of published articles on WFs expanded from 80 by December 2010 to 1775 
by August 2020 in the Web of Science (WoS) database. 
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Most WF studies have been conducted at the country or regional scale [15]. China has the largest 
total WF for national production [16], and it ranks fourth in the groundwater footprint for food 
production [17]. One in four people facing moderate to severe water scarcity for at least one month in 
a year live in China [3]. Given the spatial and temporal heterogeneities of water resource endowments, 
the climate, the soil, economic structures, production, and consumption patterns within China, studying 
the Chinese WF at various intranational geographical scales has been a popular undertaking. Searching 
for the keyword “water footprint” in journal article titles in the WoS, 31% (i.e., 215 of 702) concern 
China. Additionally, there are approximately 100 articles (in Chinese) in the China National Knowledge 
Infrastructure (CNKI) database on WFs. Several review papers [18-21] focused on WF studies in China. 
Wu et al. [18] and Qian et al. [20] summarised the primary methodologies and algorithms used in the 
WF assessment for Chinese products. Sun and Shen [19] reviewed Chinese literature on ecological, 
carbon, water, and energy footprints and concluded that research on WFs was less developed than that 
on ecological and carbon footprints. Zhu et al. [21] provided a systematic bibliometric review on WFs 
in China regarding trends in research region distributions, keywords, and methods. However, aside 
from the conventional bibliometric analysis, an in-depth summary of Chinese WF research is lacking 
in terms of study content and achievable implementations for practical water resource management. 

Based on the bibliometric analysis of articles published from January 2003 to June 2020 in English 
(WoS) and Chinese (CNKT), this study explores state-of-the-art WF accounting, driving force analyses, 
and environmental impact assessments. The implementations and limitations of Chinese water 
management strategies and possible future study directions are also discussed. 


2. Literature Searching and Selection 


Publications in English and Chinese on Chinese WFs from January 2003 to June 2020 were selected 
in the WoS and CNKI datasets, respectively. This analysis selected 209 journal papers in the WoS 
and 368 articles in the CNKI, including papers focused on China with “water footprint” in the title, 
excluding review papers. CiteSpace [22,23] is a freely accessible Java application for progressive 
knowledge domain trend visualisation. The trends in paper numbers, journals, and keywords were 
bibliometrically analysed using CiteSpace version 5.6 R5. 

In order to visualise the trends in keywords, the function of cluster analysis and mapping in 
CiteSpace software were applied by setting the number of the most cited articles (N) as 50 and time 
slicing = 1. Here, we show the method behind. The modularity (Q) and silhouette value (S) indicated 
the mapping efficiency in CiteSpace. Modularity is a commonly used indicator to measure the results 
of community division in a network [24]. The higher the value, the better the results of community 
division. Silhouette is an indicator to evaluate the clustering effect [25]. The value is between —1~1. 
The higher the value, the better the clustering effect. If Q > 0.5 and S > 0.3, then the mapping exhibits 
sufficient reliability and validity of the keywords cluster analysis, respectively. The Q calculation was 
introduced by Clauset et al. [24]. 


Q = mali = Im (ci, cj) (1) 
where c; refers to the community node i, k; is the degree of node i, m represents the number of edges in 
the community, and Aj; represents the elements of the adjacency matrix. Ajj = 1 if i and j are connected; 
otherwise, Aj; = 0. When nodes i and j are in the same community, then ô(ci,c j) = 1; otherwise, 5(c;,c j) 
= 0. The S estimation was introduced by Rousseeuw [25]. 


bi -— 4; 


s= 1 2) 


max{aj, bj} 


where a; is the average distance between node i and the other nodes within the cluster to which it 
belongs, and b; is the minimum average distance between node i and the nodes in the nearest clusters. 
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3. Results 


3.1. Trends in Publication Numbers, Journals, and Keywords 


The number of studies on Chinese WFs rapidly increased over time in both datasets (Figure 1). 
The Chinese scholars gradually showed interest in WF two years after the first Chinese paper on 
this topic was published by Long et al. [26]. The first English journal paper on WFs in China by 
Zhao et al. [27] was published six years later in 2009. Overall, through local case studies, the number 
of Chinese papers has been larger than those in English. The rise in publications since 2016 indicates 
that WF studies are becoming a popular research topic among Chinese scholars for understanding and 
explaining water issues in China. 
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Figure 1. Annual developments in number of studies on water footprint for China’s cases. Period: 
January 2003 to June 2020. 


Table 1 lists the top ten journals in terms of publication numbers on Chinese WF case studies in 
WoS and CNKI. Sixty-one percent of the considered English articles and thirty percent of the Chinese 
papers were published in the listed journals. The top four English journals in terms of publication 
numbers, including the Journal of Cleaner Production, Science of the Total Environment, Ecological 
Economics, and Sustainability, each published over 10 papers on WFs. For the Chinese papers, 
six journals, led by Resources Science, published over 10 articles on WFs. 


Table 1. The top 10 most productive journals on water footprint studies for China’s cases. 


Rank Web of Science China National Knowledge Infrastructure (CNKI) 
n n 

1 Journal of Cleaner Production 38 Resources Science 16 
2 Science of the Total Environment 22 Journal of Natural Resources 14 
3 Ecological Economics 19 Agricultural Research in the Arid Areas 13 
4 Sustainability 16 Acta Ecologica Sinica 12 
5 Hydrology and Earth System Sciences 7 China Rural Water and Hydropower 11 
6 Environmental Science & Technology 5 Yellow River 10 
7 Water 5 Water Resources and Power 9 
8 Ecological Modelling 5 Journal of Irrigation and Drainage 8 
9 Water Science and Technology-Water Supply 5 China Population, Resources and Environment 7 
10 Journal of the Science of Food and Agriculture 5 Journal of Glaciology and Geocryology 7 


Keywords varied significantly between studies. However, the clustering characteristics of the 
keywords demonstrate the trends in research interest to a certain extent. Comparing the keyword 
clustering networks in WoS and CNKI (Figure 2), differences in scale, method, and/or research focus 
can be observed. The drier “North China Plain”, where there were higher WFs and water scarcities, 
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was the keyword with the greatest number of links to other keywords in the English papers, followed 
by “life cycle assessment”, i.e., the most commonly used approach for industrial WF assessments 
(Figure 2a). With the recent focus on WF for energy production, “water-energy nexus” was also a 
popular keyword for Chinese WF studies. Additionally, in Chinese papers (Figure 2b), the keyword 
“crop” demonstrated an interest in using WF assessments in agriculture research. The keyword 
“dietary consumption” demonstrates the awareness in the studies regarding the close relationship 
between diet and WF. 
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EA 


#1 Urban household 
Da CA 
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#3 Ecological footprint a 


m 
#4 Grey water footprint | 
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\ 
#5 Water resources assessment 


Figure 2. Keywords clustering network in (a) Web of Science and (b) CNKI database. Period: January 
2003 to June 2020. The figure is generated by the CiteSpace. Each colour block means a cluster of 
keywords. The smaller the pound sign number, the more keywords clustered. The name of the cluster 
is given by the keywords with the closest links to the others within the cluster. 


3.2. WF Accounting for China 


The first English journal paper on WF accounting in China was by Zhao et al. [27], who estimated 
the direct and indirect blue national consumption WFs of 23 sectors for 2002 via an IO analysis. WF 
accounting based on an IO analysis was introduced in a Chinese paper in the same year by Cai et al. [28] 
for the nine provinces across the Yellow River Basin. Although the first Chinese paper [26] on WF 
accounting was published six years earlier than the English one, most of the Chinese papers until 2009 
were based on a brief calculation framework for regional WF that involved multiplying the WF per 
product by the sum of local production and net imports. The WF per unit of agricultural products in 
the early papers was only for one product, and it did not consider temporal variations [29]. In English 
publications, for the agricultural sector, Yang et al. [30] first reported the Chinese national total of green 
and blue WFs for biofuel crop production, followed by Zeng et al. [31], who separately calculated the 
green and blue WFs of growing major crops in the Heihe River Basin. Among the Chinese papers, 
Deng et al. [32] were the first to estimate the green, blue, and grey WFs for cotton and its derivatives at 
the city level in the southern Xinjiang Province. For the industrial sector, Shao and Chen [33] reported 
the first accounting of the direct and indirect WFs of a sewage treatment plant in Beijing in an English 
paper. Wang et al. [34] reported the first blue WF inventory for seven typical textile products in a 
Chinese paper; and Li and Chen [35] calculated the WFs of operating inputs, labour, commission, and 
goods purchased in the gaming industry in Macao in an English paper. Ma et al. [36], a Chinese paper, 
calculated the WF of hotels in Zhangye City. The hybrid LCA model was a common method for service 
WF accounting. For households, only one English paper exists on blue and grey WF calculations for 
urban China at the national level for the period of 1992-2012 [37]. 

WF accounting publications on China have exhibited varying trends between the WoS and CNKI 
over time according to the spatial scale (Figure 3a). The provincial scale dominates WF accounting 
for China in the English articles (35% of the total considered papers), due to the accessibility and 
comprehensiveness of the input data for analysis. City WF estimates accounted for the second-largest 
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portion (18%) of the English papers. Interestingly, we found that Beijing was the most popular case 
study in the WoS, with 39% of the city-level studies focusing on rapid changes in both water resource 
conditions and industrial structures [38]. Among the Chinese publications, WF calculations at the city 
level accounted for the greatest number of papers (40%), followed by those at the provincial level (32%). 
More local and accessible information for water authorities were displayed in the CNKI than the WoS. 
As the greatest water consumer, the agricultural sector was reported most frequently in both datasets, 
followed by the industrial sector (Figure 3b). With increasing attention paid to the industrial sector, 
WF assessments for a variety of industrial products are increasing. Recent studies have focused on 
agricultural or forestry-based industrial production, such as textiles [34,39], dairy [40], and papers [41]; 
and energy production, including coal [42] and gas [43]. 
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Figure 3. Number of articles on water footprint accounting for China’s cases (a) by spatial scale of 
analysis and (b) for different water use sectors in Web of Science and China National Knowledge 
Infrastructure (CNKI) database. Period: 2003-June 2020. 


Although there are hundreds of articles on WF computations for Chinese cases, the reported WF 
values for the production or consumption of the same product in the same region typically differ across 
various studies because different algorithms, models, or input data sources are used. For example, WFs 
for crop and energy production are shown in Tables 2 and 3, respectively. Comparing the published 
green-blue WFs using diverse models for growing three staple crops in China at the national and 
provincial levels, the values at the provincial level exhibited higher coefficients of variation (CVs) 
(Table 2) [44]. There were higher variations in the recorded WFs for wheat production than those for 
the other two crops. Based on available estimates of the national average WF for energy production, 
the greatest differences were observed among four natural-gas-related accounts, with 65%, 154%, and 
88% CVs for blue, grey, and indirect WFs, respectively (Table 3). Large variations in WF values for 
natural gas were due to different system boundary settings. The larger the reported WF, the longer the 
upstream supply chain was considered to be. Few studies have quantified the embedded uncertainties 
in crop WF accounting. Zhuo et al. [45] quantified the uncertainties as +20% in WF for major crops 
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within the Yellow River Basin, which was propagated by uncertainties in the input data and parameters 
when applying the grid-based daily water balance model. Tuninetti et al. [46] demonstrated that, based 
on a global estimate, the fast-track approach for crop WF calculation that only considers changes in 
crop yields generates uncertainty of approximately +10%. 


Table 2. Statistical variations of water footprint (WF) among different studies with different 
methodologies or data sources in the same area. 


Scal Maize Wheat Rice 
cale 
WF (m3 kg~4) CV (%) WE (mê kg~1) CV (%) WE (mê kg71) CV (%) 
China 0.663 8 0.848 26 1.224 22 
Provinces 16 (5-40) 32 (18-49) 27 (8-43) 


Sources: Feng et al. [44]. In the Table, CV refers to the coefficient of variation measuring the range of deviation of 
WF quantification results within the same region. 


Table 3. National average water footprint (WF) of energy production in publication (unit: mĉ/GJ). 


Coal Oil Nature Gas Thermal Power References 
Blue WF 0.021 0.224 0.083 0.744 [47] 
Grey WF 0.164 0.016 0.013 0.470 
Blue WF 0.411 [48] 
Grey WF 0.200 
Blue WF 0.021 [49] 
Grey WF 0.164 
Indirect WF 
Blue WF 0.494 [50] 
Grey WF 0.375 
Blue WF 0.021 0.189 0.081 1.083 [51] 
Grey WF 0.157 0.057 0.000 0.107 
Indirect WF 0.015 0.035 0.030 
Blue WF 0.154 [43] 
Grey WF 0.822 
Indirect WF 0.462 
Blue WF 0.005 [52] 
Grey WF 0.063 
Blue WF 0.642 [53] 
Grey WF 1.117 
Blue WF 0.455 [54] 
Grey WF 1.379 
CV (Blue WF) 0.21 8% 65% 36% 
CV (Grey WF) 1.9% 56% 154% 78% 
CV (Indirect WF) 88% 


3.3. Drivers and Factors Affecting Chinese WFs 


The driving factor analysis is an efficient path to understand the mechanisms behind changing WFs 
and identify possible key measures to reduce high WFs. Unsurprisingly, many Chinese case studies 
analysed key multiobjective WF-impacting factors. Table 4 summarises the existing representative 
publications on the driving factors of WFs in China. Scholars tended to identify the key socioeconomic 
driving factors of WFs. For regional WFs, including both direct and indirect WFs, population and 
affluence (i.e., per capita GDP) were reported as the leading positive forces, always compensating for 
the negative effects of technical development [55-57]. The total crop production WF (in m°/year) for a 
particular geographic region, local rural population, and overall harvested area—i.e., the production 
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scale—was defined as the growth in total WF [58-63]. In Xinjiang Province, Zhang et al. [64] identified 
that the technical irrigation levels, which were commonly viewed as a tool for reducing irrigation water 
use and enhancing water use efficiency, increased total crop production and led to an increase in total 
WF for crop fields—i.e., the irrigation paradox phenomenon—in other words, the higher efficiency of 
water use rarely reduces water consumption [65]. Increased fertilisation and irrigation efficiencies were 
demonstrated to be key management factors in declining the crop WF (in m3/t) [66-70]. Of the climatic 
variables, the degree of growth and wind speed were the most critical ones [67]. For the agricultural 
consumption WF, the effects of diet changes were substantial [70,71]. Information on industrial sector 
impact factors was rare; only two examples of these factors were found. Shi et al. [72] discussed the 
key factors of the blue WF of a hydropower station; and Li et al. [39] analysed the impact factors of 
regional WFs in the textile industry. 


Table 4. Summary of representative publications on driving factors of water footprints (WFs) in China. 


Unit Key Driving Factors References 


Population (+), Affluence (+); 


Technical development (—) [55-57] 


Regional WF * m°/year 


Rural population (+); multiple-crop 
index (+); irrigated area (+); 
WF of crop production m?/year water-intensive cropping area (+); [58-63] 
technical level (+); precipitation (+); 
irrigation project (+) 


Fertilizer (—); irrigation water use 
m/t efficiency (—); growing day degree [66-69] 
(—); wind speed (+); 


WF of agricultural Population (+), Affluence (+); Diet 


3 
consumption m”/year change; Technical development (—) [70,71] 
WE of hydropower 3 Climate; reservoir area (+); installed 
: m°/GJ ae j [72] 
station capacity; temporal resolution 
WF of textile mĉ/year Production scale (i); [39] 


technical level (—) 


* Regional WF means the total direct and indirect WF by agriculture, industry and household sectors for an 
administrative region. 


3.4. Multiperspective WF Impacts 


The WF impact assessment refers to the “sustainability assessment” and “environmental impact 
assessment” phases of Water Footprint Network [73] and LCA-based ISO14046 [74] frameworks, 
respectively. The two commonly used WF assessment frameworks both measure water consumption 
and inventory, but they differ in their impact assessment functions and methodologies [75-77]. 
The former places WF in the context of local water availability to inform regional water managers on 
where and how the WF can impact water endowments. The latter quantifies impacting indicators in 
terms of their effects on human health, ecosystems, and resource depletion, which are typically more 
critical to industrial water managers [75]. 

These framework differences are demonstrated in Chinese WF studies. Based on WF accounting 
in Chinese administrative regions, there are 59, 14, and 14 considered papers evaluating the blue water 
scarcity (i.e., the ratio of regional total blue WF to water availability), virtual water import dependency 
(i.e., the ratio of the external to the total WF of the regional consumption), and water self-sufficiency 
(i.e., the ratio of the internal WF to the total WF the regional consumption), respectively—all these 
concepts were introduced by Hoekstra et al. [73]. High, blue water scarcity due to spatial and temporal 
mismatches between water consumption and availability occurred in the northern China basins [6,29,31] 
and provinces [78]. Additionally, high water stress with a blue water scarcity value of 0.99, which was 
due to intensive demands by the large population and high agricultural water requirements, occurred 
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in the water-rich southern city Wuhan [79]. Yu et al. [80] found that the wet Yalong River Basin, with 
19 hydropower stations, exhibited low blue water scarcity throughout the year. In contrast, Zhuo 
et al. [81] demonstrated that environmental flow requirements have been largely appropriated by 
large amounts of reservoir water storage along the water-scarce Yellow River. Comparing the regional 
grey WF to local water resources made assessing water scarcity from both the quantity and quality 
perspectives possible [82], such as the Chinese case studies for Beijing [82], the Haihe River Basin [83], 
and the Qian-tang River Basin [84]. Following the ISO 14046 framework, the environmental impacts of 
WFs were also assessed for the dairy industry [85], energy production [86], electricity production [53], 
silk products [87], textile products [88], and viscose staple fibres [89]. The water scarcity and water 
degradative footprints were the most commonly evaluated WF impact indicators in these studies. 


4. Discussion 


4.1. Implementations and Limitations 


Implementations of WF concepts in practical water resources management strategies and 
policies depend on robust measurements, comprehensive impact assessments, feasible reflections, 
and widespread awareness. All these are subject to the spatial resolution of analysis and the quality of 
data. Adding information to WF figures by comparing WFs to benchmarks or local environmental 
or economic conditions helps to display their grades and impacts [90]. According to the current 
analysis in terms of keywords in considered publications as well as trends in WF accounting for China, 
existing WF estimations and research for China were primarily on WF magnitudes, components in 
terms of water colours, and variation in time and space, while little information was available for WF 
benchmarks and viable action manuals. The WF spatial and temporal heterogeneities in agricultural 
production under varied climatic conditions and crop yield levels have been largely reported in [21]. 
Industrial WF datasets, especially for the textile industry and energy production, have been developed. 
Blue and green water scarcity levels from agricultural production and consumption in northern China 
have been revealed in finer spatial and temporal units [6]. According to the driving factor assessment, 
utilising water-saving technologies in crop fields, industrial restructuring, trade network optimisation, 
consumption pattern (diet) adjustments, and water price reformation have largely been recommended 
theoretically in the reviewed literature for reducing WFs in China. However, as previously mentioned, 
there is little information on the robustness of these WF values based on the algorithm used, and the 
spatial-temporal resolutions lack sufficient quantitative uncertainty analyses. Additionally, operable 
measures for reducing WFs were not found. Therefore, it is not surprising that WF research has not 
been widely incorporated by local water policies in China. Only 23 projects have been funded with 
“water footprint” in their titles, as compared to the over-1600 projects with words “water resources 
consumption” and to the over 2300 projects with words “water productivity”, by the National Natural 
Science Foundation of China at the end of August 2020 [91]. The only two existing governmental 
actions related to the WF include the issue of the Chinese version of ISO 14046 as a national standard 
(GB/T 33859-2017/ISO 14046:2014) [92] and the Water Supplies Department of Hong Kong introduction 
of global average WF values, using term “virtual water”, of common food and industrial products on 
their website [93]. 


4.2. Future Directions 


Due to its ability to measure different water consumption sources at any spatial or temporal 
scale and be integrated with other environmental impact indicators [90], the WF has been widely 
highlighted as an effective metric for constructing evaluation frameworks for the water-food—energy 
nexus [94,95], determining the water planetary boundary [96], and measuring the progress of SDGs 
related to water security [13,14]. However, four primary knowledge gaps must be remedied before 
using WF assessments to identify and resolve the increasingly complex water issues in China. First, 
as shown in current results, multiple methodologies exist for WF accounting and impact analysis. 
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In choosing one or multiple proper methodologies and taking advantages of each, the most important 
step is clarifying the purposes of the WF accounting or impact analysis. Each kind of methodology has 
its own unique advantages and scope of application. Regarding WF accounting, the Water Footprint 
Network bottom-up approach, especially for agricultural products, can directly record the WF of 
producing a specific kind of product, whereas the multiregional IO-based WF modelling is able to 
show the appropriation of water resources by the entire supply-chain of a sector [97]. Regarding WF 
impact analysis, the Water Footprint Network framework shows WF inventory and tends to assess 
its impacts on local water resources physically; whereas the LCA-based ISO framework focused on 
the level of impacts on human health, ecosystems, and resource depletions by using indexes in unit 
of H2O equivalent [75]. Second, for each water-use sector, WF accounting standards with unified 
measurements of uncertainties by verified algorithms are urgently needed. There is only one study 
currently available on the quantification of uncertainties in WF accounting for crops in the Yellow River 
Basin [45], and it is limited to certain tested crops, models, and scales. Although there is information 
in ISO 14046 on the principles of uncertainty analysis (see Section 3.6.3 in the ISO 14046 standard), 
case studies are scarce. Validations of existing WF algorithms and modelling in field experiments 
for the agricultural sector, enterprise monitoring for the industrial sector, and large sampling social 
surveys for households should be performed. At the same time, we should always keep in mind and 
try to answer the questions of how representative the field trials are, and of what level/scale—having 
in mind that water use/requirements can be very diverse from one field to the other. Of course, the 
balance between the complexity and efficiency in dealing with the abovementioned knowledge gaps 
should be taken into account. Third, widely valid and tested methodologies for setting WF benchmarks 
must still be developed. For industrial sectors, WF benchmarks can be set according to the optimal 
production techniques and supply chains [98]. Finally, assessments of the social and economic effects 
of WFs must be developed as WFs are generated by social and economic activities. Many studies 
have demonstrated how regional WFs affect local water resources or water quality; however, they lack 
information on the social and economic effects of the WFs. The next step is to distinguish between the 
green and blue water economic values to determine the associated economic effects (e.g., [99]). 


Author Contributions: Conceptualization, methodology, formal analysis, writing—original draft preparation, 
writing—review and editing, supervision, L.Z.; software, visualization, B.F.; writing—review and editing, P.W. 
All authors have read and agreed to the published version of the manuscript. 


Funding: This research was funded by the National Key Research and Development Program of China 
(2018YFF0215702) and the National Natural Science Foundation of China (51809215). 


Acknowledgments: In memory of Arjen Y. Hoekstra. 


Conflicts of Interest: The authors declare no conflict of interest. 


References 


1. Hoekstra, A.Y. (Ed.) Proceedings of the International Expert Meeting on Virtual Water Trade, IHE Delft, 
The Netherlands, 12-13 December 2002, Value of Water Research Report Series No. 12; UNESCO-IHE: Delft, 
The Netherlands, 2003. 

2. Hoekstra, A.Y.; Mekonnen, M.M.; Chapagain, A.K.; Mathews, R.E.; Richter, B.D. Global monthly water 
scarcity: blue water footprints versus blue water availability. PLoS ONE 2012, 7, e32688. [CrossRef] 

3. Mekonnen, M.M.; Hoekstra, A.Y. Four billion people facing severe water scarcity. Sci. Adv. 2016, 2, e1500323. 
[CrossRef] [PubMed] 

4. Schyns, J.F.; Hoekstra, A.Y.; Booij, M.J.; Hogeboom, R.J.; Mekonnen, M.M. Limits to the world’s green water 
resources for food, feed, fiber, timber, and bioenergy. Proc. Natl. Acad. Sci. USA 2019, 116, 4893-4898. 
[CrossRef] [PubMed] 

5. Veettil, A.V.; Mishra, A.K. Water security assessment using blue and green water footprint concepts. J. Hydrol. 
2016, 542, 589-602. [CrossRef] 


Water 2020, 12, 2988 10 of 14 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Xie, P.; Zhuo, L.; Yang, X.; Huang, H.; Gao, X.; Wu, P. Spatial-temporal variations in blue and green water 
resources, water footprints and water scarcities in a large river basin: A case for the Yellow River basin. 
J. Hydrol. 2020, 590, 125222. [CrossRef] 

Van Vliet, M.; Flérke, M.; Wada, Y. Quality matters for water scarcity. Nat. Geosci. 2017, 10, 800-802. 
[CrossRef] 

Ewing, B.R.; Hawkins, T.R.; Wiedmann, T.O.; Galli, A.; Ercin, A.E.; Weinzettel, J.; Steen-Olsen, K. Integrating 
ecological and water footprint accounting in a multi-regional input-output framework. Ecol. Indic. 2012, 23, 
1-8. [CrossRef] 

Hubacek, K.; Guan, D.B.; Barrett, J.; Wiedmann, T. Environmental implications of urbanization and lifestyle 
change in China: Ecological and Water Footprints. J. Clean Prod. 2009, 17, 1241-1248. [CrossRef] 

Ridoutt, B.G.; Pfister, S. A revised approach to water footprinting to make transparent the impacts of 
consumption and production on global freshwater scarcity. Glob. Envrion. Chang. 2010, 20, 113-120. 
[CrossRef] 

Galli, A.; Wiedmann, T.; Ercin, E.; Knoblauch, D.; Ewing, B.; Giljum, S. Integrating ecological, carbon and 
water footprint into a “footprint family” of indicators: definition and role in tracking human pressure on the 
planet. Ecol. Indic. 2012, 16, 100-112. [CrossRef] 

Hoekstra, A.Y.; Wiedmann, T.O. Humanity’s unsustainable environmental footprint. Science 2014, 344, 
1114-1117. [CrossRef] [PubMed] 

Xu, Z.; Chau, S.N.; Chen, X.; Zhang, J.; Li, Y.; Dietz, T.; Wang, J.; Winkler, J.A.; Fan, F.; Huang, B.; et al. 
Assessing progress towards sustainable development over space and time. Nature 2020, 577, 74-78. [CrossRef] 
[PubMed] 

Vanham, A.; Hoekstra, A.Y.; Wada, Y.; Bouraoui, F; de Roo, A.; Mekonnen, M.M.; van de Bund, W)J.; 
Batelaan, O.; Pavelic, P.; Bastiaanssen, W.G.M.; et al. Physical water scarcity metrics for monitoring progress 
towards SDG target 6.4: An evaluation of indicator 6.4.2 “Level of water stress”. Sci. Total Environ. 2018, 613, 
218-232. [CrossRef] 

Lovarelli, D.; Bacenetti, J.; Fiala, M. Water footprint of crop productions: A review. Sci. Total Environ. 2016, 
548-549, 236-251. [CrossRef] [PubMed] 

Hoekstra, A.Y.; Mekonnen, M.M. The water footprint of humanity. Proc. Natl. Acad. Sci. USA 2012, 109, 
3232-3237. [CrossRef] 

Dalin, C.; Wada, Y.; Kastner, T.; Puma, M.J. Groundwater depletion embodied in international food trade. 
Nature 2017, 543, 700-704. [CrossRef] [PubMed] 

Wu, Z.; Zhao, M.; Lall, U.; Tian, Z.; Huo, Z. A review of researchers on Chinese water footprint. China Popul. 
Resour. Environ. 2013, 23, 73-80. (In Chinese with English abstract) 

Sun, Y.; Shen, L. Bibliometric analysis on research progress of four footprint methodologies in China. J. Nat. 
Resour. 2016, 31, 1463-1473. (In Chinese with English abstract) 

Qian, Y.; Dong, H.; Tian, X.; Yu, Y.; Chen, Y.; Geng, Y.; Zhong, S. A Review of the Research on China’s Water 
Footprint Responding to Water Crisis. Ecol. Econ. 2018, 34, 162-173. (In Chinese with English abstract) 
Zhu, Y.; Jiang, S.; Han, X.; Gao, X.; He, G.; Zhao, Y.; Li, H. A bibliometrics review of water footprint research 
in China: 2003-2018. Sustainability 2019, 11, 5082. [CrossRef] 

Chen, C. Searching for intellectual turning points: progressive knowledge domain visualization. Proc. Natl. 
Acad. Sci. USA 2004, 101 (Suppl. 1), 5303-5310. [CrossRef] [PubMed] 

Chen, C. CiteSpace II: detecting and visualizing emerging trends and transient patterns in scientific literature. 
J. Am. Soc. Inf. Sci. Technol. 2006, 57, 359-377. [CrossRef] 

Clauset, A.; Newman, M.E.J.; Moore, C. Finding community structure in very large networks. Phys. Rev. E 
2004, 70, 066111. [CrossRef] 

Rousseeuw, P.J. A graphical aid to the interpretation and validation of cluster analysis. J. Comput. Appl. Math 
1987, 20, 53-65. [CrossRef] 

Long, A.; Xu, Z.; Zhang, Z. Estimate and Analysis of Water Footprint in Northwest China, 2000. J. Glaciol. 
Geocryol. 2003, 25, 692-700. (In Chinese with English abstract) 

Zhao, X.; Chen, B.; Yang, Z. National water footprint in an input-output framework-A case study of China 
2002. Ecol. Model. 2009, 220, 245-253. [CrossRef] 

Cai, Y.; Wang, H.; Wang, H.; Wang, H. Water footprint in the Yellow River Basin. J. Beijing Norm. Univ. 
(Nat. Sci.) 2009, 45, 616-620. (In Chinese with English abstract) 


Water 2020, 12, 2988 11 of 14 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


Zhuo, L.; Mekonnen, M.M.; Hoekstra, A.Y.; Wada, Y. Inter- and intra-annual variation of water footprint 
of crops and blue water scarcity in the Yellow River basin (1961-2009). Adv. Water Resour. 2016, 87, 29-41. 
[CrossRef] 

Yang, H.; Yuan, Z.; Liu, J. Land and water requirements of biofuel and implications for food supply and the 
environment in China. Energy Policy 2009, 37, 1876-1885. [CrossRef] 

Zeng, Z.; Liu, J.; Koeneman, P.H.; Zarate, E.; Hoekstra, A.Y. Assessing water footprint at river basin level: 
a case study for the Heihe River Basin in northwest China. Hydrol. Earth Syst. Sci. 2012, 16, 2771-2781. 
[CrossRef] 

Deng, X.; Xie, S.; Cui, T.; Li, Y.; Li, H. Research of the water footprint of cotton consumption and its effect on 
ecological environment in Southern of Xinjiang. Res. Soil Water Conserv. 2009, 16, 176-185. (In Chinese with 
English abstract) 

Shao, L.; Chen, G. Water Footprint Assessment for Wastewater Treatment: Method, Indicator, and Application. 
Environ. Sci. Technol. 2013, 47, 7787-7794. [CrossRef] [PubMed] 

Wang, L.; Ding, X.; Wu, X. Blue and grey water footprint of textile industry in China. Water Sci. Technol. 2013, 
68, 2485-2491. [CrossRef] [PubMed] 

Li, J.S.; Chen, G.Q. Water footprint assessment for service sector: A case study of gaming industry in water 
scarce Macao. Ecol. Indic. 2014, 47, 164-170. [CrossRef] 

Ma, Z.; Zhang, X.Y.; Feng, H.Y. Research on the water footprint quantification of the hotel service industry 
based on the hybrid LCA model: A case of Zhangye. Acta Sci. Circumstantiae 2018, 38, 3780-3786. (In Chinese 
with English abstract) 

Cai, B.; Liu, B.; Zhang, B. Evolution of Chinese urban household’s water footprint. J. Clean Prod. 2019, 208, 
1-10. [CrossRef] 

Xu, Y.; Huang, K.; Yu, Y.J.; Wang, X.M. Changes in water footprint of crop production in Beijing from 1978 to 
2012: a logarithmic mean Divisia index decomposition analysis. J. Clean Prod. 2015, 87, 180-187. [CrossRef] 
Li, Y.; Lu, L.Y.; Tan, Y.X.; Wang, L.L.; Shen, M.H. Decoupling Water Consumption and Environmental Impact 
on Textile Industry by Using Water Footprint Method: A Case Study in China. Water 2017, 9, 124. [CrossRef] 
Huang, J.; Xu, C.C.; Ridoutt, B.G.; Liu, J.J.; Zhang, H.L.; Chen, F.; Li, Y. Water availability footprint of milk 
and milk products from large-scale dairy production systems in Northeast China. J. Clean Prod. 2014, 79, 
91-97. [CrossRef] 

Ma, X.T.; Zhai, Y.J.; Zhang, R.R.; Shen, X.X.; Zhang, T.Z.; Ji, C.X.; Yuan, X.L.; Hong, J.L. Energy and carbon 
coupled water footprint analysis for straw pulp paper production. J. Clean Prod. 2019, 233, 23-32. [CrossRef] 
Xie, X.M.; Zhang, T.T.; Gu, J.C.; Huang, Z. Water footprint assessment of coal-based fuels in China: Exploring 
the impact of coal-based fuels development on water resources. J. Clean Prod. 2018, 196, 604-614. [CrossRef] 
Wang, J.L.; Liu, X.J.; Geng, X.; Bentley, Y.; Zhang, C.H.; Yang, Y.R. Water Footprint Assessment for Coal-to-Gas 
in China. Nat. Resour. Res. 2019, 28, 1447-1459. (In Chinese with English abstract) [CrossRef] 

Feng, B.; Zhuo, L.; Xie, D.; Mao, Y.; Gao, J.; Xie, P.; Wu, P. A quantitative review of water footprint accounting 
and simulation for crop production based on publications during 2002-2018. Ecol. Indic. 2020, 120, 106962. 
[CrossRef] 

Zhuo, L.; Mekonnen, M.; Hoekstra, A. Sensitivity and uncertainty in crop water footprint accounting: A case 
study for the Yellow River Basin. Hydrol. Earth Syst. Sci. 2014, 18, 2219-2234. [CrossRef] 

Tuninetti, M.; Tamea, S.; Laio, F.; Ridolfi, L. A Fast Track approach to deal with the temporal dimension of 
crop water footprint. Environ. Res. Lett. 2017, 12, 074010. [CrossRef] 

Guan, W.; Zhao, X.N.; Xu, S.T. Spatiotemporal feature of the water footprint of energy and its relationship 
with water resources in China. Resour. Sci. 2019, 41, 2008-2019. (In Chinese with English abstract) 

Zhu, Y.; Jiang, S.; Zhao, Y.; He, G. Water footprint evaluation of coal-fire power generation in China. Water 
Resour. Power 2019, 37, 28-31. (In Chinese with English abstract) 

Ding, N.; Lu, X.H.; Yang, J.X.; Lu, B. Water footprint of coal production. Acta Sci. Circumstantiae 2016, 36, 
4228-4233. (In Chinese with English abstract) 

Ma, X.T.; Yang, D.L.; Shen, X.X.; Zhai, Y.J.; Zhang, R.R.; Hong, J.L. How much water is required for coal 
power generation: An analysis of gray and blue water footprints. Sci. Total Environ. 2018, 636, 547-557. 
[CrossRef] [PubMed] 

Ding, N.; Liu, J.R.; Yang, J.X.; Lu, B. Water footprints of energy sources in China: Exploring options to 
improve water efficiency. J. Clean Prod. 2018, 174, 1021-1031. [CrossRef] 


Water 2020, 12, 2988 12 of 14 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


“A, 


72. 


Xie, X.M.; Zhang, T.T.; Wang, M.; Huang, Z. Impact of shale gas development on regional water resources in 
China from water footprint assessment view. Sci. Total Environ. 2019, 679, 317-327. [CrossRef] 

Xie, X.M.; Jiang, X.Y.; Zhang, T.T.; Huang, Z. Study on impact of electricity production on regional water 
resource in China by water footprint. Renew Energy 2020, 152, 165-178. [CrossRef] 

Zhu, Y.; Jiang, S.; Zhao, Y.; Li, H.; He, G.; Li, L. Life-cycle-based water footprint assessment of coal-fired 
power generation in China. J. Clean Prod. 2020, 254, 120098. [CrossRef] 

Long, A.; Xu, Z.; Wang, X.; Shang, H. Impacts of population, affluence and technology on water footprint in 
China. Acta Ecol. Sin. 2006, 26, 3359-3365. (In Chinese with English abstract) 

Xi, X.; Sun, C.; Zhao, L. Driving forces for change of water footprint in China based on IPAT-LMDI model. 
J. Econ. Water Resour. 2014, 32, 1-5. (In Chinese with English abstract) 

Feng, L.; Chen, B.; Hayat, T.; Alsaedi, A.; Ahmad, B. The driving force of water footprint under the rapid 
urbanization process: A structural decomposition analysis for Zhangye city in China. J. Clean Prod. 2017, 
163, S322-S328. [CrossRef] 

Li, Z.; Dong, S.; Li, Y.; Li, X. Dynamic analysis on agricultural water footprint and its driving mechanism in 
Wuwei Oasis. J. Nat. Resour. 2013, 28, 410-416. (In Chinese with English abstract) 

Gong, Y.; Ma, Y.; Zhao, S.; Qin, J.; Chen, D. Analysis on change of crop water footprint and its driving factors 
in Jiangsu province in 1996-2015. Jiangsu Water Resour. 2018, 5, 1-6. (In Chinese with English abstract) 

Jia, H.; Li, S.; Song, Y.; Shang, M.; Shi, X.; Zhang, H.; Cheng, F.; Chu, Q. Variation characteristics and driving 
factors of agriculture water footprint in Cangzhou city. J. China Agric. Univ. 2018, 23, 1-14. (In Chinese with 
English abstract) 

Yi, W.; Su, W.; Yu, L.; Zhao, W.; Xing, D. Study on the change of agricultural water footprint and driving 
force mechanism based on STIRPAT extended model in Pingtang County. J. Water Resour. Water Eng. 2018, 
29, 243-248. (In Chinese with English abstract) 

Liu, W.; Li, Y.; Fu, Q.; Meng, J.; Li, T.; Dai, S. Spatial and Temporal Distributions of Crop Water Footprint and 
its Influence Factors Analysis in Heilongjiang Province. Trans. Chin. Soc. Agric. Mach. 2020, 51, 214-222. 
(In Chinese with English abstract) 

Zhang, P.; Deng, X.Y.; Long, A.H.; Hai, Y.; Li, Y.; Wang, H.; Xu, H.L. Impact of Social Factors in Agricultural 
Production on the Crop Water Footprint in Xinjiang, China. Water 2018, 10, 1145. [CrossRef] 

Zhang, P.; Deng, M.J.; Long, A.H.; Deng, X.Y.; Wang, H.; Hai, Y.; Wang, J.; Liu, Y.D. Coupling analysis of 
social-economic water consumption and its effects on the arid environments in Xinjiang of China based on 
the water and ecological footprints. J. Arid. Land. 2020, 12, 73-89. [CrossRef] 

Grafton, R.Q.; Williams, J.C.; Perry, J.; Molle, F.; Ringler, C.; Steduto, P.; Udall, B.; Wheeler, S.A.; Wang, Y.; 
Garrick, D.; et al. The paradox of irrigation efficiency. Science 2018, 361, 748-750. [CrossRef] 

Sun, S.; Liu, W.; Liu, J.; Wang, Y.; Chen, D.; Wu, P. Sensitivity and Contribution Rate Analysis of the 
Influencing Factors of Spring Wheat Water Footprint in Hetao Irrigation District. Sci. Agric. Sin. 2016, 49, 
2751-2762. (In Chinese with English abstract) 

Li, H.; Qin, L.; Wang, Y. Temporal variability and influence factors of water footprint for maize production in 
Changchun. J. Northeast Norm. Univ. (Nat. Sci. Ed.) 2017, 49, 120-126. (In Chinese with English abstract) 
Han, Y.; Li, X.; Huang, H.; Jia, D. Spatial and temporal distribution of water footprint of main crops and its 
influencing factors in Beijing-Tianjin-Hebei region. South North Water Transf. Water Sci. Technol. 2018, 16, 
26-34. (In Chinese with English abstract) 

Sun, S.K.; Wu, P.T.; Wang, Y.B.; Zhao, X.N.; Liu, J.; Zhang, X.H. The impacts of interannual climate variability 
and agricultural inputs on water footprint of crop production in an irrigation district of China. Sci. Total 
Environ. 2013, 444, 498-507. [CrossRef] 

Zhao, C.; Chen, B. Driving Force Analysis of the Agricultural Water Footprint in China Based on the LMDI 
Method. Environ. Sci. Technol. 2014, 21, 12723-12731. [CrossRef] 

Zhao, C.F; Chen, B.; Hayat, T.; Alsaedi, A.; Ahmad, B. Driving force analysis of water footprint change based 
on extended STIRPAT model: Evidence from the Chinese agricultural sector. Ecol. Indic. 2014, 47, 43-49. 
[CrossRef] 

Shi, P.; Ji, C.; Li, J.; Zhu, Y.; Zhao, B. Calculation and analysis of the impact factor of blue water footprint on 
Three Gorges and Gezhouba cascade hydropower stations. J. Hydroelectr. Eng. 2014, 33, 82-89. (In Chinese 
with English abstract) 


Water 2020, 12, 2988 13 of 14 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


Hoekstra, A.Y.; Chapagain, A.K.; Aldaya, M.M.; Mekonnen, M.M. The Water Footprint Assessment Manual: 
Setting the Global Standard; Earthscan: London, UK, 2011. 

Kounina, A.; Margni, M.; Bayart, J.-B.; Boulay, A.-M.; Berger, M.; Bulle, C.; Frischknecht, R.; Koehler, A.; 
Canals, L.M.; Motoshita, M.; et al. Review of methods addressing freshwater use in life cycle inventory and 
impact assessment. Int. J. Life Cycle Assess. 2013, 18, 707-721. [CrossRef] 

Boulay, A.M.; Hoekstra, A.Y.; Vionnet, S. Complementarities of water-focused Life Cycle Assessment and 
water footprint assessment. Environ. Sci. Technol. 2013, 47, 11926-11927. [CrossRef] [PubMed] 

Manzardo, A.; Mazzi, A.; Loss, A.; Butler, M.; Williamson, A.; Scipioni, A. Lessons learned from the 
application of different water footprint approaches to compare different food packaging alternatives. J. Clean. 
Prod. 2016, 112, 4657-4666. [CrossRef] 

Zhuo, L.; Liu, Y.; Yang, H.; Hoekstra, A.Y.; Liu, W.; Cao, X.; Wang, M.; Wu, P. Water for maize for pigs for 
pork: An analysis of inter-provincial trade in China. Water Res. 2019, 166, 115074. [CrossRef] 

Han, Y.; Yang, X.; Chen, Y.; Sui, P.; Gu, S. Assessment of water resources in Hebei province based on water 
footprint. Chin. J. Eco Agric. 2013, 21, 1031-1038. (In Chinese with English abstract) [CrossRef] 

Hou, X.; Huang, J.; Jie, Y. A study on the water resources utilization of Wuhan city based on water footprint 
theory. J. Huazhong Norm. Univ. (Nat. Sci.) 2014, 48, 768-773. (In Chinese with English abstract) 

Yu, L.; Jia, B.Y.; Wu, S.Q.; Wu, X.F.; Xu, P.; Dai, J.Y.; Wang, FE; Ma, L.M. Cumulative Environmental Effects of 
Hydropower Stations Based on the Water Footprint Method-Yalong River Basin, China. Sustainability 2019, 
11, 5958. [CrossRef] 

Zhuo, L.; Hoekstra, A.Y.; Wu, P.; Zhao, X. Monthly blue water footprint caps in a river basin to achieve 
sustainable water consumption: The role of reservoirs. Sci. Total Environ. 2019, 650, 891-899. [CrossRef] 
Zeng, Z.; Liu, J.; Savenije, H.H.G. A simple approach to assess water scarcity integrating water quantity and 
quality. Ecol. Indic. 2013, 34, 441—449. [CrossRef] 

Li, C.H.; Xu, M.; Wang, X.; Tan, Q. Spatial analysis of dual-scale water stresses based on water footprint 
accounting in the Haihe River Basin, China. Ecol. Indic. 2018, 92, 254-267. [CrossRef] 

Li, Y.; Cheng, H. The study on water resources scarcity for pollution and water security of Qian-tang River 
Basin from grey water footprint. Reform. Strategy 2014, 11, 88-93. (In Chinese with English abstract) 

Bai, X.; Ren, X.J.; Khanna, N.Z.; Zhou, N.; Hu, M.T. Comprehensive water footprint assessment of the dairy 
industry chain based on ISO 14046: A case study in China. Resour. Conserv. Recycl. 2018, 132, 369-375. 
[CrossRef] 

Liao, X.W.; Zhao, X.; Liu, W.F.; Li, R.S.; Wang, X.X.; Wang, W.P.; Tillotson, M.R. Comparing water footprint 
and water scarcity footprint of energy demand in China’s six megacities. Appl. Energy 2020, 269, 115137. 
[CrossRef] 

Yang, Y.D.; He, W.W.; Chen, F.L.; Wang, L.L. Water footprint assessment of silk apparel in China. J. Clean 
Prod. 2020, 260, 121050. [CrossRef] 

Wang, K.; Tian, Z.; Wang, L. Calculation and assessment of water footprint of textile industry in Zhejiang 
province. J. Zhejiang Sci. Tech. Univ. 2020, 43, 69-74. (In Chinese with English abstract) 

Zhu, J.; Li, Y.; Wang, L. Water environmental load assessment of viscose staple fiber based on water footprint. 
Adv. Text. Technol. 2019, 27, 67-72. (In Chinese with English abstract) 

Hoekstra, A.Y. Water footprint assessment: evolvement of a new research field. Water Resour. Manag. 2017, 
31, 3061-3081. [CrossRef] 

NSFC (National Natural Science Foundation of China). 2020. Available online: http://output.nsfc.gov.cn/ 
(accessed on 30 June 2020). 

SAMR (State Administration for Market Regulation) and SA (Standardization Administration). Environmental 
Management—Water Footprint—Principles, Requirements and Guideline (ISO 14046: 2014: IDT); GB/T 
33859-2017/ISO 14046:2014; Standards Press of China: Beijing, China, 2017. 

WSDHK (Water Supply Department of Hong Kong). 2020. Available online: https://www.waterconservation. 
gov.hk/en/why-save-water/virtual-water/index.html (accessed on 1 September 2020). 

Cai, X.; Wallington, K.; Shafiee-Jood, M.; Marston, L. Understanding and managing the food-energy-water 
nexus—opportunities for water resources research. Adv. Water Resour. 2018, 111, 259-273. [CrossRef] 
D’Odorico, P.; Davis, K.F.; Rosa, L.; Carr, J.A.; Chiarelli, D.; Dell’ Angelo, J.; MacDonald, G.K.; Seekell, D.A.; 
Suweis, S.; Rulli, M.C. The global food-energy-water nexus. Rev. Geophys. 2018, 56, 456-531. [CrossRef] 


Water 2020, 12, 2988 14 of 14 


96. Li, M.; Wiedmann, T.; Liu, J.; Wang, Y.; Hu, Y.; Zhang, Z.; Hadjikakou, M. Exploring consumption-based 
planetary boundary indicators: An absolute water footprinting assessment of Chinese provinces and cities. 
Water Res. 2020, 184, 116163. [CrossRef] 

97. Feng, K.; Chapagain, A.; Suh, S.; Pfister, S.; Hubacek, K. Comparison of bottom-up and top-down approaches 
to calculating the water footprints of nations. Econ. Syst. Res. 2011, 23, 371-385. [CrossRef] 

98. Hoekstra, A.Y. Sustainable, efficient, and equitable water use: the three pillars under wise freshwater 
allocation. WIREs Water 2013, 1, 31-40. [CrossRef] 

99. Grammatikopoulou, I.; Sylla, M.; Zoumides, C. Economic evaluation of green water in cereal crop production: 
A production function approach. Water Resour. Econ. 2020, 29, 100148. [CrossRef] 


Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional 
affiliations. 


© © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
BY 


(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 


